Objectives. To compare the level of insulin resistance and β-cell function between lean and overweight/obese Filipino patients with newly diagnosed type 2 diabetes mellitus (T2DM).
INTRODUCTION
Type 2 diabetes mellitus (T2DM) exerts a major impact in developing countries, particularly in the Philippines. 1 In 2009, a cohort study derived from a larger populationbased investigation demonstrated a 9-year incidence rate of T2DM in the Philippines to be around 16.3%. 2 T2DM is a chronic metabolic disorder which has been attributed to insulin resistance since the 1930s. Recent studies, however, support the view that T2DM is a heterogeneous disorder where decreased β-cell function is the main genetic factor and insulin resistance is the main acquired factor. 3 Obesity has been considered as a fundamental aspect behind the worldwide epidemic of T2DM particularly in the western world. In many Asian countries, however, a significant proportion of T2DM patients are considered to be lean. 4 The clinical profile and complications of T2DM differ among lean and obese patients. Lean T2DM has a younger age of onset with male predominance. They are mostly smokers with early failure to oral antidiabetic drugs. 5 Microvascular complications, particularly retinopathy, are highly prevalent among the lean while macrovascular complications are noteworthy among the overweight and obese T2DM patients. 6, 7 Newer studies have further clustered T2DM into whether they are insulin resistant or deficient. Overweight and obese patients are classified under insulin resistant while lean persons with diabetes are noted to be insulin deficient. [7] [8] [9] In Koreans, regardless of BMI, the development of T2DM was attributed to a defect in insulin secretion. 10 In Hong Kong, the insulin resistance index of newly diagnosed T2DM patients were similar in lean and overweight patients. 11 In a study done in Malaysia with predominantly overweight and obese T2DM patients, diabetes was primarily attributed to insulin resistance. 12 Insulin resistance on top of β-cells that are incapable of compensating will lead to impaired glycemic control. 13 Similarly, lifestyle modification will be necessary in the management of both lean and overweight or obese T2DM patients. A logical approach in treating T2DM would be to address both the defect in insulin secretion and insulin resistance. However, if lean persons with diabetes are clustered under deficiency in insulin secretion, they will most likely benefit the use of sulfonylureas as an early intervention provided they still have preserved β-cell function. 13, 14 In the Philippines, there are still limited data on the characteristics of lean and overweight or obese T2DM patients. Understanding their differences will guide us in providing the appropriate cost-effective management that will best suit the patients' different metabolic profile. The current treatment guidelines are unable to predict which patients will need intensified treatment in either reducing insulin resistance or intensifying β-cell function.
Hence, this study aims to compare the insulin resistance (HOMA-IR) and β-cell function (HOMA-B) between lean and overweight/obese T2DM patients.
METHODOLOGY
This was a cross-sectional analytical study conducted at St. Luke's Medical Center -Quezon City (SLMC-QC), a tertiary hospital in the Philippines, from January to December 2018. This study included all adult Filipino patients ≥18 years old, both from the social service and private divisions, who were newly diagnosed with T2DM, defined as diagnosis within one year prior to study enrollment. The exclusion criteria included the following: those who had other medical conditions including malignancy, cardiac failure, cirrhosis, end stage renal disease, chronic obstructive pulmonary disease and trauma requiring hospitalization or surgical intervention; those who used anti-diabetic medications, including both insulin and oral agents, within the past two weeks prior to study enrollment; those who took medications that altered insulin sensitivity like prazosin, diuretics, steroids and oral contraceptive pills within the past three months prior to study enrollment; those who had intentional or unintentional weight loss, either a decrease of ≥5% of baseline body weight or a change in BMI category within one year prior to inclusion in the study. Pregnant women with gestational diabetes mellitus (GDM); history of GDM per se, however, was not part of the exclusion criteria. Subjects who had other endocrinopathies including thyrotoxicosis, acromegaly, prolactinoma, hypopituitarism, adrenal insufficiency, Cushing's disease or any other syndrome where T2DM was part of the presentation. Lastly, vulnerable populations such as those with mental retardation or psychological disorders were not included.
All newly diagnosed T2DM patients based on the American Diabetes Association (ADA) 2018 criteria (FBS ≥126 mg/dL, HbA1c ≥6.5% or classic symptoms of hyperglycemia with a random plasma glucose ≥200 mg/dL) were recruited for inclusion in the study. This included all patients consulting in both the social service out patient department (SS-OPD) and in the private clinics. Patients who were admitted solely for executive/ diagnostic check up but otherwise asymptomatic were included. An informed consent form (ICF) was subsequently obtained from all the patients who met the inclusion criteria. The ICF was taken at the clinic after fully explaining the study. After the patient consented, he was given a copy of the ICF. The demographics and clinical profile of the study participants were taken through a detailed history and physical examination. Data included age, sex, hypertension, and smoking history in pack years. The patient's anthropometric measures including height, weight, waist and hip circumference were attained. Height and weight were measured using a similar type of stadiometer and weighing scale in all patients. Waist and hip circumference were measured by the use of the same tape measure as well. Blood pressure was taken through a calibrated sphygmomanometer. Compliance to the intake of anti-hypertensive medications was asked. They were then classified according to their body mass index (BMI). Subjects who had BMI in the underweight to normal range were classified as lean while those in the overweight and obese range were classified together. The World Health Organization's classification of BMI in adult Asians was used. Categorization was as follows: underweight (<18.5 kg/m 2 ), normal (18.5-22.9 kg/ m 2 ), overweight (23-24.9 kg/m 2 ), obese I (25-29.9 kg/m 2 ) and obese II (≥30 kg/m 2 ). Subsequently, patients were advised to have a 12-hour overnight fasting. Blood extraction was done at the laboratory using two yellow tops containing 3.5 mL of blood each. After which, the following biochemical parameters were obtained: fasting plasma glucose, fasting insulin, HbA1c, serum creatinine, estimated glomerular filtration rate, SGPT and lipid profile. Insulin resistance and β-cell function were compared between the two groups using the Homeostatic Model Assessment (HOMA). Both the original model (HOMA1) and the updated model containing physiological modifications in a computer version (HOMA2) were used. HOMA1 computation were as follows: HOMA-IR=fasting insulin concentration (mIU/L) x fasting blood glucose concentration (mmol/L) divided by 22.5; HOMA-B=20 x fasting insulin concentration (mIU/L) divided by [fasting blood glucose concentration (mmol/L) -3.5]. 15 The HOMA2 calculator was downloaded from the University of Oxford, Center for Diabetes, Endocrinology and Metabolism, Diabetes Trial Unit (http://www.dtu. ox.ac.uk/homacalculator). The cut-off values for the definition of insulin resistance were HOMA1-IR ≥2.9 and HOMA2-IR ≥1.7. 16, 17 Insulin deficiency, on the other hand, was defined as HOMA1-B ≤48.9% and HOMA2-B ≤54.2%. 18 A total of 80 newly diagnosed T2DM subjects (40 subjects from the lean group and 40 subjects from the overweight/ obese group) were recruited in this study. Power analysis performed showed that the linear and logistic regression models fitted in this study (i.e. HOMA1-IR, HOMA2-IR, HOMA1-B, and HOMA2-B models) had at least 90% with this sample size. Power analysis was conducted using G*Power 3.0.10 software.
Statistical analysis
Statistical analysis was done using STATA14. Quantitative variables were summarized using mean and standard deviation. The qualitative variables were summarized using frequencies and percentages. Comparison of the HOMA-IR, HOMA-B, and other continuous variables between lean and overweight/obese T2DM was done using student's t-test. Multiple linear regression was done to assess the association between overweight/obesity and HOMA-IR/HOMA-B values. Multiple logistic regression was done to assess the association between overweight/ obesity and HOMA-IR/HOMA-B. Potential confounders (age, sex, SGPT, HBA1C) identified through related literature were controlled in the multiple linear and logistic regression models.
Ethical consideration
The clinical protocol and all relevant documents were reviewed and approved by the SLMC-QC Institutional Ethics Review Committee. Confidentiality and anonymity were ensured with the use of data generated code. The main investigator was responsible for the integrity of the data including accuracy, completeness and legibility. The manner of disseminating and communicating the study results guaranteed the protection of the patient's confidentiality. The principal investigator shouldered the laboratory tests needed where the funds came from the SLMC-QC Research and Biotechnology Division and the PSEDM-Servier research grant.
RESULTS
A total of 80 subjects were included in the study. There were 40 subjects in each group. The clinical and demographic characteristics of the study population are shown in Table 1 . The mean age of lean T2DM patients was 55.5±12.1 years old while the overweight/obese patients had a mean age of 46.5±12.0 years old. In terms of sex, most of the subjects were females (lean=72.5%, overweight/obese=52.4%). The mean systolic and diastolic blood pressures were 110.5±14.1/70.5±9.3 mmHg among the lean T2DM and 128.8±11.7/ 81.4±7.2 mmHg among the overweight/obese T2DM. The proportion of smokers were as follows, lean=10% and overweight/obese=11.9%.
The biochemical parameters of the subjects included in the study are shown in Table 2 . There was a significant difference in the mean fasting plasma glucose between the two groups (lean=142.0±64.9 mg/dL, overweight/ obese=174.9±73.5 mg/dL, p-value=0.035). There was significantly higher mean fasting insulin (p-value=<0.001), HbA1c (p-value=0.043) and SGPT (p-value=0.027) among overweight/obese patients compared to lean patients. In contrast, no significant differences were observed in terms of lipid profile (total cholesterol, p-value=0.901; triglycerides, p-value=0.492; LDL, p-value=0.637; HDL, p-value=0.267) and creatinine level (p-value=0.509) between the two groups.
The differences in insulin resistance and β-cell function between the two groups are shown in Table  3 . In both HOMA1 and HOMA2, overweight/obese patients (HOMA1-IR 9.8±11.7, HOMA2-IR 3.0±2.0) had significantly higher mean HOMA-IR values (HOMA1-IR p-value=0.001, HOMA2-IR p-value<0.001) compared to lean patients (HOMA1-IR 2.9±1.5, HOMA2-IR 1.3±0.5).
In terms of HOMA-B levels, overweight/obese subjects had significantly higher values compared to lean subjects when using HOMA1 (lean=57.8±35.5, overweight/obese = 93.6±66.4, p-value=0.003). This difference in HOMA-B levels was not observed when using HOMA2 (lean=57.6±30.5, overweight/obese=74.8±45.7, p-value=0.051).
Being overweight/obese was significantly associated with increased insulin resistance and β-cell function ( Table 4 ). Using HOMA1, being overweight/obese significantly increased HOMA-IR value by 4.0 (95%CI=1.5-6.5, p-value=0.002) and HOMA-B value by 46. 
DISCUSSION
The levels of insulin resistance and β-cell function differed between the lean and overweight/obese newly diagnosed T2DM. The measurement of insulin resistance and β-cell function was done through the use of HOMA.
HOMA1 is the original model consisting of mathematical computation widely used in epidemiological and clinical studies while HOMA2 is the updated computer model. The updated version accounts for variations in hepatic and peripheral glucose resistance providing a more accurate index. 15, 17 Wallace et al., 15 further emphasized that HOMA allocates the basal state of insulin and glucose in terms of resistance and β-cell function. Hence, if the β-cell function data will be reported in isolation, a mistaken assumption can be made that the subject has failing β-cells contrary to an appropriately low secretion due to high insulin sensitivity of the body. Insulin resistance was defined as HOMA1-IR ≥2.9 and HOMA2-IR ≥1.7 while β-cell dysfunction was labeled as HOMA1-B ≤48.9% and HOMA2-B ≤54.2%. [16] [17] [18] In our study, both HOMA1 and HOMA2 showed that overweight/obese T2DM subjects had significantly higher mean HOMA-IR values compared to the lean T2DM group (p-values=0.001 and <0.001, respectively). Overweight/ obesity was also associated with higher odds of having increased insulin resistance consistent to both HOMA1-IR and HOMA2-IR (p-values=0.005 and <0.001, respectively) compared to lean T2DM subjects. This supported previous data that insulin resistance was significantly increased in overweight/obese T2DM patients. [19] [20] [21] Chung et al., 20 indicated that BMI had a positive relationship with indices of insulin resistance. The mechanism of insulin resistance in overweight/obese subjects had been attributed to chronic inflammation, mitochondrial dysfunction, hyperinsulinemia, lipotoxicity or energy surplus mediated by adenosine triphosphate (ATP). 21 In terms of HOMA-B, the overweight/obese T2DM group had statistically significant higher mean values when using HOMA1 (p-value=0.003) but the difference was not statistically significant when using HOMA2 (p-value=0.051). The HOMA2-B trend, however, was still observed to be higher in the overweight/obese patients.
Overweight/obesity was also associated with significantly lower odds in having decreased β-cell function compared to the lean group. This trend was consistent in both HOMA1-B and HOMA2-B (p-value=0.033 and 0.043, respectively). It is noteworthy that the HOMA1 model was calibrated to an insulin assay used in the 1970s, hence, may fluctuate in the assessment of β-cell function when compared with the newer assays. 15, 22 Thus, in assessing β-cell function, the computer model (HOMA2) is preferably used as this has been recalibrated in line with current insulin assays.
In our study, the difference in the mean HOMA2-B values between the two groups might not be statistically significant (p-value=0.051), but this could still be of marked clinical value when interpreted in relation to the HOMA-IR. Therefore, with a higher HOMA-IR and HOMA-B values in the overweight/obese newly diagnosed T2DM subjects, it could be deduced that they still had preserved β-cell function that was able compensate with the higher insulin resistance. Ferrannini 23 noted that as insulin resistance increased, β-cells compensated by increasing insulin secretion leading to hyperinsulinemia. In another study, it was also observed that obesity was associated with an increase in β-cell mass where the upsurge in BMI was correlated with a rise in β-cell function. They further noted that obesity could be a form of primary insulin hypersecretion. 24 The lean group, on the other hand, were more insulin sensitive as evidenced by a lesser percentage of insulin resistant individuals along with lower mean HOMA-IR and HOMA-B levels. Between the two groups, the newly diagnosed lean T2DM were clinically better compared to the overweight/obese group, taking into consideration the lower mean FPG, HbA1c, fasting insulin and SGPT. The β-cells of the lean T2DM subjects did not have to compensate to produce more insulin to maintain normal glucose tolerance.
With these findings, it is reasonable to conclude that an individualized cost-effective treatment should be established for every T2DM patient. It is necessary to understand their residual β-cell function and corresponding insulin resistance. The outcome of our study was dissimilar to the data of Ahlqvist et al., 7 and Hartmann et al., 25 which clustered lean persons with diabetes under insulin deficiency, having shortest time to second oral diabetic drugs, with less benefit to metformin and more often treated with insulin. Our findings were congruent to the data of Das 9 and Barma et al., 26 that lean T2DM could achieve good glycemic control with oral diabetic agents. In particular, since the lean T2DM subjects of our study were more insulin sensitive, (likely with preserved β-cell function) and weight loss was not key in its management, these patients could benefit the most from insulin secretagogues like sulfonylureas. Newly diagnosed overweight/obese T2DM, on the other hand, having higher insulin resistance would have a favorable response to an insulin sensitizer like metformin. This would not only enhance insulin sensitivity but would also preserve β-cell function. Therapeutic interventions should have an emphasis on the reduction of insulin resistance and preservation of β-cell function.
Lean and overweight/obese T2DM also had differences in their demographic and biochemical parameters. Decrease in insulin sensitivity and β-cell function had been correlated to aging. This was attributed to the changes in body composition, decrease in skeletal muscle mitochondrial function and age-related impairment of pancreatic endocrine function. [27] [28] [29] Karakelides et al., 30 however, noted that age had no independent effect on insulin resistance. Scheen 31 and Imbeault et al., 32 further noted that increasing age per se did not influence glucose homeostasis and was not a cause of insulin resistance. Hence, the role of age in decreasing insulin sensitivity and β-cell function in the older population has to be further evaluated.
In the present study, lean T2DM group were older compared to the overweight/obese group. Despite being older though, they were noted to have better insulin sensitivity than the overweight/obese group. The association of age to insulin resistance and β-cell function, however, could not be well established in this study due to the method of sampling. As regards to sex, majority of the subjects were females. Geer and Shen 33 indicated that there is an elevated visceral and hepatic adiposity reported in males. Along with lower adiponectin levels and absence of estrogen, males are noted to have higher insulin resistance compared to females. 33 Similar to age, the relationship of sex to insulin resistance and β-cell function could not be generalized in this study due to the sampling method used.
The mean systolic and diastolic blood pressures of the overweight/obese group were also higher compared to the lean group. This was congruent to the study of Shikha et al., 34 that daytime, nocturnal and 24-hour mean systolic blood pressure were significantly higher in obese subjects.
Obesity is known as a major risk for hypertension because it surges tubular reabsorption impairing pressure natriuresis resulting to volume expansion thru the activation of the renin-angiotensin system. 35 The proportion of smokers between the two groups was comparable in this study. This was similar to the study of Mohan et al., 6 indicating that there was no significant difference in the smoking habits of the two groups. Keith et al., 36 further noted that there was no consistent association between tobacco use and insulin resistance regardless of whether the subject was a persistent smoker or a quitter. This was in contrast to other previous studies, which noted that lean T2DM were mostly smokers. 5, 25 Nagaya et al., 37 on the other hand, noted that heavy smoking moderately increased the risk of diabetes in obese men while light smoking reduced the risk in lean men. The association of smoking in T2DM, whether in the lean or overweight/obese group may require more extensive studies.
In the analysis of the biochemical parameters, mean fasting plasma glucose (FPG) and HbA1c were significantly higher in the overweight/obese group compared to the lean (p-values=0.035 and 0.043, respectively). This was consistent to previous studies, which explained that obesity was associated to chronic systemic inflammation because adipose tissues release pro-inflammatory substances and non-esterified fatty acids (NEFA). Apart from inflammatory state having a fundamental role in the development of insulin resistance, NEFA secreted from adipose tissues also lead to insulin resistance and β-cell dysfunction, thereby resulting to poor glycemic control. [38] [39] [40] Other studies, however, showed that lean T2DM had more severe hyperglycemia attributed to early β-cell failure or more severe β-cell dysfunction. 6, 41 In both groups, there was no significant derangement in liver function represented by SGPT in this study. It can be observed though, that the SGPT level in the overweight/ obese group was higher compared to the lean T2DM subjects (p-value=0.027). Being overweight or obese had been associated with expanded adipose tissue that resulted to chronic inflammation. This lead to a problem in the normal storage and endocrine functions of adipose tissues that also altered the metabolic state of the liver. 42 In terms of lipid profile, there was no significant differences observed between the two groups. This was contrary to the data of Das 9 that BMI had a positive relationship with LDL and that lean persons with diabetes had lower incidence of dyslipidemia with a generally favorable lipid profile. Both lean and overweight/obese T2DM subjects in our study probably had preserved β-cell function that was able to compensate the presence of insulin resistance in the peripheral bed leading to better hepatic handling of lipids. Renal function did not also differ between the two study groups (p-value=0.094). This was mainly attributed to the fact that subjects enrolled in this study were newly diagnosed with T2DM, hence, complications of diabetes might not yet be present.
CONCLUSION
The overweight/obese newly diagnosed T2DM patients had higher mean insulin resistance and β-cell function compared to lean T2DM patients. Overweight/obesity was also associated with higher odds of having increased insulin resistance and lower odds of developing decreased β-cell function compared to the lean group. The overweight/obese T2DM had worse metabolic profile manifested by higher FPG, HbA1c, SGPT and blood pressures compared to lean T2DM.
Limitation and recommendation
Due to the nature of the research design, the level of β-cell function (HOMA-B) cannot be interpreted in isolation and may not reflect the true β-cell reserve. A cohort design may be better to determine the rate of β-cell deterioration.
The population included in this study also represented the highly urbanized patients from Metro Manila only and may not represent the T2DM Filipinos from the rural areas. The subject's levels of physical activity, which may influence insulin resistance, were not assessed in detail as well. Further studies can be done in the future which should take the aforementioned issues into consideration.
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